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Abstract We were successful in synthesizing periodic

layered zinc acetate nanobelts through a hydrothermal

solution process. One-dimensional structured ZnO nano-

particle aggregate was obtained by simple thermal annealing

of the above-mentioned layered ZnO acetate nanobelts at

300 �C. The morphology, microstructure, and composition

of the synthesized ZnO and its precursors were characterized

by transmission electron microscopy (TEM), X-ray diffrac-

tion (XRD), and infrared spectroscopy, respectively. Low

angle X-ray diffraction spectra reveal that as-synthesized

zinc acetate has a layered structure with two interlayer

d-spacings (one is 1.32 nm and the other is 1.91 nm). SEM

and TEM indicate that nanobelt precursors were 100–200 nm

in width and possesses length up to 30 lm. Calcination of

precursor in air results in the formation of one-dimensional

structured ZnO nanoparticle aggregates. In addition, the

as-prepared ZnO nanoparticle aggregates exhibit high pho-

tocatalytic activity for the photocatalytic degradation of

methyl orange (MO).

Keywords Nanostructures � Hydrothermal crystal

growth � Nanomaterials � Semiconducting II–VI materials

Introduction

ZnO is one of the most important wide band gap (3.37 at

room temperature) semiconductors because of its promis-

ing potential applications in room temperature UV lasers

[1], sensors [2, 3], solar cells [4, 5], transparent electrodes

[6], and piezoelectric actuators [7]. In recent years, regu-

lating the shape of semiconductor nanostructures has been

a subject of intensive research because it provides an

effective strategy for tuning the electronic, magnetic,

optical, and catalytic properties of a semiconductor. For

example, Duan et al. successfully synthesized zigzig SnO2

nanobelts via physical vapor deposition method [8]. Pan

et al. prepared single-crystal CdSxSe1-x nanobelts and

investigated their optical properties [9]. Orthorhombic

Pb3O2Cl2 (mendipite) nanobelts were synthesized via a

solventless thermolysis of a single-source precursor in

the presence of capping ligands by Sigman et al. [10].

Venugopal et al. also fabricated single crystalline nano-

belts via laser ablation assisted chemical vapor deposition

(CVD) method [11]. It is worthy to mention that S. H. Yu’

group successfully synthesized single-crystal CuGeO3

nanobelts with a layered mesostructure via a simple

hydrothermal route [12]. Chen et al. also synthesized

Tungstate-based inorganic–organic hybrid nanobelts/

nanotubes with highly ordered lamellar mesostructures and

tunable interlayer distances in nonpolar solvents [13].

Layered structure makes it easy to intercalate different

elements into the interlayer space [14]. Then, layered

structures combined with belt-like morphology would

provide opportunities for developing new types of nano-

structures that are doped with different elements. In this

paper, we show that periodic layered zinc acetate nanobelts

can be synthesized by a facile hydrothermal solution

method.
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In addition, one-dimensional structured ZnO nanoparti-

cle aggregate was obtained by calcination of the precursor

in air. ZnO can be used as photocatalytical semiconductor

due to a band gap, which can be activated by UV-irradia-

tion [15]. Under UV-irradiation, holes and electrons are

yielded which possess an oxidation potential large enough

to generate OH• radicals or O2
-. In this paper, the photo-

catalytic properties of ZnO nanoparticle aggregates are

studied at length.

Experimental Section

All chemicals were analytical grade and used as received

without further purification. In a typical synthesis, 4.0 g

zinc acetate, 3.6 g CTAB, and 180 g deionized water were

added into a 200 mL beaker. Under vigorous magnetic

stirring, ammonia (25 wt%) was dropped into the solution

to increase pH value to 8.2. White precipitation was yielded.

Then, the solution were transferred to a Teflon-lined

stainless steel autoclave and sealed tightly. The autoclave

was kept in an oven with temperature 50 �C for 24 h. White

gel-like precipitation was found deposited on the bottom of

the Teflon cup. After filtration, the precipitate was washed

(three times) thoroughly with distilled water and ethanol to

remove any alkaline salt and surfactants that remained in

the final products and dried at room temperature in air for

12 h. Paper-like products formed on the filter paper. Ther-

mal treatments were carried out at 300 �C in air for 1 h. The

as-prepared samples were characterized by field emission

scanning electron microcopy (SEM) (SEM: Sirion 200

FEG), transmission electron microscopy (TEM) (JEOL

2010, accelerating voltage of 200 kV), selected-area elec-

tron diffraction (SAED) (JEOL 2010, accelerating voltage

of 200 kV). X-ray diffraction spectra (XRD) (Philips

X’pert-PRO, Cu Ka (0.15419 nm) radiation), and infrared

spectroscopy. (Cary 5E UV–vis–NIR spectrophotometer).

Aqueous suspensions employed in photocatalytic experi-

ments usually contained 3 g L-1 of as-synthesized ZnO

nanoparticles and a 10 mg L-1 concentration of methyl

orange. All kinetic experiments were performed under

atmospheric conditions and constant magnetic stirring. The

ZnO suspensions with methyl orange were illuminated con-

tinuously with light from a 30 W mercury lamp (2,537 Å).

The distance between lamp and suspension is *10 cm.

Results and Discussions

Layered Structured Zinc Acetate Nanobelts

Zinc acetate nanobelts were synthesized via a mild hydro-

thermal solution process at 50 �C. Nanobelt-like structures

were characterized by TEM (Fig. 1). The average width of

the nanobelts was 100–200 nm, and their lengths ranged

from 10 to 30 lm. Growth temperature plays a key role in

formation of nanobelt-like morphology. Temperature higher

than 80 �C only resulted in the formation of microwhiskers

or sheetlike structures. pH value is also important. pH value

higher than 9 or lower than 7 results in no precipitates in

solution. Low angle XRD pattern of as-synthesized zinc

acetate nanobelts is shown in Fig. 2. The strongest diffrac-

tion peak at 2h = 6.7� corresponds to an interlayer

d-spacing of 1.32 nm (the 001(a) diffraction of layered

structure) and another diffraction peak at 2h = 4.4� accords

with the other interlayer d-spacing of 1.91 nm (the 001(b)

diffraction of layered structure). The peaks at 8.8�, 13.3�,
and 20.1� can be attributed to the second and third order

diffraction of (00l) plane of Zn(OH)x(CH3COO)y � zH2O,

respectively. Since it is convenient to introduce ions, such as

N3-, Mg2+, Cd2+, Mn2+, to the interlayer spacing by ionic

exchange reaction, this hierarchically structured zinc acetate

as precursor of ZnO looks promising future for fabricating

Fig. 1 TEM images of as-synthesized zinc acetate nanobelts at

different magnifications. Scale bar: 0.5 lm
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Fig. 2 Low angle XRD pattern of as-synthesized zinc acetate

nanobelts
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functional electrical device. Infrared spectroscopy of zinc

acetate (Fig. 3) was also measured to give information of the

CH3COO group and OH group within the interlayer. The

broad absorption band at 3,420 cm-1 can be assigned to the

OH group and water. The two weak peaks at 2,920 and

2,850 cm-1 are due to the C–H stretching band. The

absorption band at 1,550 cm-1 originates from the anti-

symmetric COO- stretching vibration. The band at

1,390 cm-1 is attributed to the symmetric COO- stretching

vibration mode. The bands at 1,340 and 1,010 cm-1 can be

assigned to the deformation and rocking modes of the CH3

group [16–19]. The difference between antisymmetric

COO- stretching vibration band and symmetric COO-

stretching vibration band is 160 cm-1. This large difference

means that COO- is in monodentate state rather than free

group state. It is suggested that the coordination of the COO

groups to zinc cations for layered zinc acetate is monoden-

tate. In another word, acetate anions are coordinated to

polynuclear zinc hydroxyl layers in a monodentate manner.

One-dimensional Structured ZnO Nanoparticles

Aggregate

ZnO was obtained by calcinations of the above precursor in

air at 300 �C. XRD pattern demonstrates that the produced

product shows a high-quality wurtzite ZnO structure, as

shown in Fig. 4. Compared with the XRD pattern of pre-

cursor, no diffraction peaks appear in the low angle range. It

means layer structure collapses under heat treatment. TEM

images (Fig. 5) show that chain-like ZnO nanoparticle

aggregates were formed under calcinations. The nanopar-

ticle size measured from the TEM image is 10–25 nm. The

average crystallite size for ZnO nanoparticle was also

determined from the linewidth broadening of the XRD peak

corresponding to (002) reflection, using the Debye–Scherrer

equation. The value of crystal size is 20 nm, which is

consistent with the result of TEM observation.

Photocatalytic Degradation of Methyl Orange (MO)

by One-dimensional Structured ZnO Nanoparticle

Aggregates

Methyl orange (C14H14N3 � SO3Na) is one of the repre-

sentative azo class of dyes, which are the most important

class of synthetic organic dyes used in the textile industry

and are also common industrial pollutants. The photocat-

alytic properties of ZnO nanoparticle on degradation of

methyl orange were studied. Extent of photocatalytic

degradation was determined by the reduction in absorbance

of the solution. Figure 6 shows a typical time-dependent

UV–vis spectrum. The absorption peaks corresponding to

the dye diminished after 2 h photoirradiation. The rapid

disappearance of the absorption band in Fig. 6 suggests
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Fig. 3 IR spectrum of as-synthesized zinc acetate nanobelts
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Fig. 4 XRD pattern of ZnO nanoparticle aggregate obtained by

thermal treatment at 300 �C in air

Fig. 5 TEM images of one-dimensional ZnO nanoparticle aggregate.

Scale bar: 50 nm
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that the functional group responsible for the characteristic

color of the MO dye is broken down. Since the power of

UV lamp we used is very low (only 30 W), nanoparticle

aggregates present high photocatalytic degradation effi-

ciency to methyl orange. The reason is as follows: it is

known that the photocatalytic activity of ZnO is strongly

dependent on the growth direction of the crystal plane.

Polar plane of ZnO exhibits higher photocatalytic activity

than nonpolar plane of ZnO [20]. After calcinations, the

polar (001) Zn planes of ZnO emerge on the surface of

aggregate. An increase of polar Zn (0001) or O (0001)

faces leads to a significant enhancement of photocatalytic

activity of ZnO.

Conclusion

In summary, hierarchically structured zinc acetate nano-

belts were successfully synthesized via a mild hydrothermal

method. The zinc acetate nanobelts possess layered struc-

ture with two interlayer d-spacings (1.32–1.91 nm). Acetate

anions are coordinated to polynuclear zinc hydroxyl layers

in a monodentate manner. Nanobelt precursors are 100–

200 nm in width, 10–20 nm in thickness, and possess length

up to 30 lm. The layered ZnO acetate nanobelts were

successfully converted to one-dimensional structured ZnO

nanoparticle aggregate through simple thermal treatment of

the above-mentioned precursor at 300 �C. The nanoparticle

size is 10–25 nm. Photocatalytic experiment indicated that

UV/one-dimensional ZnO nanoparticle aggregate process

could be efficiently used to degrade azo class of dyes, such

as MO.
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Fig. 6 UV–vis spectrum of ZnO/methyl orange solution
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